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TECHNICAL FIFI n 



^nZZ™£^z"x m z^srr systems usefui to ^ — »**"•» 

corporate one or many olefinic JwiSTj^SS? T .TT" COnC9mS C ° mpleX9S ,hat are able to 
200 to 500, medium molecular ^^n^^SSST^S^ T T^'" ^ h ,he ™^ " 
100,000 or higher. Specifically this invention d*r.«cL r 'V 0 ' 000 ' or h '9 h Secular weights in the range of 
rying well-defLd usefu, a^r^Z^m^ 6 ^ ^ *" 9iVeS *• » 

BACKGROUND ART 

the rate of initiation is larger STt^ESS^* > R tmm ! wmon Ch8,n tnmtor are Z6r0 ' = * = 0, and 
[MM.] (i.e„ monomer <*£ initiator conceZ^^^^^^ 

interest, but also of great commercial conseouenrJ an H « 7 : 9 P olvmer,zatlon s are not only of scientific 
g., cis-1,4-polybutadiene M^lc^ZlZTJ, and S f! ,ndus,nal Presses are based on living systems, e 
bcxationicVyme^ 

«°n^fS^^ 

resulting polymer can be inCeased Zla^ZZTJ^ TT"' * mM * ^ m °' eCUlar ^ <* < he 
1 , lines 31 -38). corresponding effect on the physical properties of the polymer (see column 

bHise^Z^ 

ymer produced (column 2, linefi 37 SZSiT T, ° VSr the ch ^cteri S tics of the pol- 

etherate complexes used as callysts ^SJ^SS U ? 2 'f h 59 '° 62 ' " * 30 eSSential limitati °" ^ the 
comp.exes are considered inoperatU (column 3 til ,23 3^ ' SimP ' 6 ^ ° f e,hyl ether 

otherlna^^^^ interact with the polymerisation reaction, 

molecular weight but also the molecula ^^S£S£, * d,sc " s t s '° n ^gardmg the ability to control not only the 
minations between the growing polymer como ex andtt T t ^ elimina,i ° n ° f undesi ^ble chain transferer- 
polymerisation, nor the ability to US 2 ' 559 ' 062 does not teac " "'^ing° 

DISCLOSURE OF INVFMTinM 
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R 5 -R* 

\ / 
0 ^ DC1 3 ; 



and 



70 



75 



20 




25 where R 1 in the above formula is an organic moiety such as methyl, and related alkyl or aralkyl groups, containing 1 
to 24 carbon atoms, alkenyl groups such as -CH=CH 2 and related lower alkenyl groups, containing 2 to 8 carbon atoms, 
and groups containing hetero atoms and related groups such as alkylene chloride, containing up to 20 carbon atoms; 



30 



R 2 may be methyl and related alkyl groups containing from 1 to 20 carbon atoms, in general R 2 can be the same 
asRi; 

R 3 is methyl, or related alkyls containing from 2 to 20 carbon atoms or aryls such as phenyl, cycloalkyls, or vinyl 

or allyl groups, in general R 3 can be the same as R 2 ; 

R 4 is methylenic, acetylenic such as -C=C-, or arylenic such as 



35 




40 



or ethylenic such as -CH=CH- where the repeating units contain from 1 to 20 and preferably 1 to 10 carbon atoms; 
R 5 is an alkylene selected from the group consisting of 



45 



CH 3 
C — 



Ha 



so 



and {CH 2 } X where x is an integer from 1 to 6 and wherein the alkylene may be substituted; 
R 6 is selected from the same group as R 5 ; and 
R 7 is a three valent organic moiety such as 



55 



V 
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3 



EP 0 265 053 B1 

BEST MODE FOR CARRYING OUT THE INVENTION 



the iiESX^SES ,empe H a r by contactin9 preferab * in a '^ id 

as n-butane. n-pentane, n-hexane isonentne nlSn f 3 ' ^ Pfeferably 8re ^^rbons ««h 

drocarbons such as CH 2 CU ChTc C H a ' TE* t0 ' Uene ' me,h y |c y c '°hexane or chlorinated hy- 
the representee onesU ^St^lSSSSL ^^T^ ^ Ch '° ride ' * — 3 f ™ * 

can Jramix LTZrcTeTa^BCI ' inTso^^H ^ "! WithOUt l ° ** ™ 

the monomer in a loZnX aZ "en aSd the BCMn 1 r n " 3 S °' Vent ' °' P remix the et ^ and 

of the last needed ingredient whe the SS^VJ^^T?* I* P ° ,ymerization starts U P°" •» introduction 
which generally is below minuTw^ 

of a solvent, can also be carried out 06 ^ Bu ' k P°^^tion, i.e. , in the absence 

Prefe'Xtedtr^ 

at a temperature beiow the decompoLTn "ZT^l'^Tc^^^ ™" d «" BC ^ ° r ^ L ^ 8 acid 

thus achieve economy in production Thesrorecau^nn 3 "1 k 1 ' ^ S3Vin ° S h refri 9 era,ion ^osts and 
with a Lewis acid to be formed below tJe deSZeZ .T Ca " the C ° mp ' eX ° f an ° f * anic ether 

temperature until their use to initiated polymeTzaSon ,6mper3tUre ° f ,he COm P lex and be ™in«ained below such 

ohar^ar:^^ temperature simultaneous, is 

mixing is controlled to give a temperature v^erethTr^T decom P osrtlon temperature of the complex, and the 
undecomposed complex effectTuS^ * S ° '° W ,hat *» 

molecular weight. It being understood that When suSnt o, tJ! m ° nome ; to 9 ,ve the desirQ d polymer of the desired 
we have discovered tha TpolymenSion un^er tZ^Tj^l kT * decom P° sed . the reaction stops. Thus, 
rates of polymerizations are relaS fast usual |5 belna ^ ?T ^ M ° nS Ca " be praC,iced because th e 
cases, in a matter of 30 minutes 3e Te rate J dell T 8 ^ ° f ° ne ,0 three minutes and in nea ^ all 
temperature of 20-C to 3o"c Therefore no ol h om Tnn! *° ^ 3 h3lf ,ife ° f 5 minutes ,0 an hou ^t a 

above the decomposition **^££&S^ racS^ ST* ^ " ^ 

the»Sc= 



i B ^^3 47 f BC1 C 
CH ^C — C 0 CH C-C 



BC1, 



c c 

Using the last formula in the above eauation wo win ^v^r^i;*, *u 

tion: equation, we will exemplify the monomer insertion in the following schematic equa- 



c 
I 

c- c 

I 

c 



P' 



The complex counter anion does not assist 



polywtr complex 

or cause proton elimination from the carbocation. This is a ve,y important 
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characteristic that distinguishes our counter anions from other known nonnucleophilic counter anions, e.g., BCI 4 , BF 4 , 
and AICI 4 . In conventional polymerizations taking place in the presence of simple nonnucleophilic counter anions, the 
latter assists or causes proton elimination from the growing carbocat ionic center and thus a species arises that proceeds 
to protonate monomer. For example, with BF 4 counter anion: 



10 



C 

!• 

I 

c 



bf: 



c 

^jc — c 

I 



B 



. 15 



20 



the latter proton ates incoming monomer as follows: 



H BF, 



C 
I 

I 

c 



I. 



BF? 



4H 



polymr 



This sequence of events constitutes chain transfer to monomer and it is a most undesirable process for polymer chem- 
ists. First of ail, this process reduces the molecular weight of the polymer that is formed, and secondly it yields polymers 
carrying an undesirable unreactive head group: 



25 



30 



35 



40 



45 



,-!. 



I 
C 

Molecular weight control in systems that involve chain transfer to monomer is more difficult to achieve than in systems 
devoid of this process. Thus, an advantage of our invention is it avoids the above two. shortcomings. 

The complex anion of our invention is super-nonnucleophilic and as such does not assist or cause deprotonation 
of the growing carbocationic center. Thus, chain transfer to monomer will not occur in our systems, and consequently 
molecular weight control can be accomplished by adjusting the relative concentrations of monomer and initiating sys- 
tem, i.e., molecular weight is a function of [My[l] 01 where the subscripts indicate initial concentrations. The polymer 
will grow as long as monomer is available and the monomer is not prevented from reacting with the growing center, 
for example, by the growing center being coagulated from the system or decomposition of sufficient [l] 0 to stop the 
polymerization. 

Also on account of the supemonnucleophilic nature of our counter anions, the polymerization is devoid of termi- 
nation, i.e., the polymerization is terminationless until the temperature exceeds the decomposition temperature of the 
complex for sufficient time to reduce the [l] Q to zero. The growing center is kept "alive 0 for extended periods of time 
without losing its propagating ability. In contrast, in conventional polymerizations termination occurs most likely by a 
reaction between the growing cation and associated counter anion, for example as set forth hereinafter: 



50 



~ C — 



© 



BCi? 



C 
I 

C — C —CI 

I 

c 



BCla 
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While uninterrupted growth can be maintained for extended periods of time with systems containing supemonnu- 
cleophilic counter anions, if termination is desired, say for the preparation of low molecular weight end-functionafyzed 
polymer, such a premature termination reaction can be brought about by either increasing the temperature of the 
polymerization system and thus decomposing the active growing complex, or by adding a strong nucleophilic termi- 
nating agent, such as methanol or ethanol, pyridine, ammonia, an alkyl amine, or water Thus, bur invention provides 
a mechanism of varying the molecular weight from several hundreds to the millions. These reactions may result in a 
Cl-tenminated polymer (or a halogen-terminated polymer) most likely because of the following termination reaction: 



5 
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S H 3 CI CI CI cm 



CH 



3 \ 



</e—> — ch^ — c + ^/ 

J- ■ \ 



75 



20 



25 



30 



35 



40 
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50 
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Th 

■■■■ 

The p Q ,y mer products wefe chargcte £^22 >•••■ no loss of low molecular weight components 

and GPC with infrared and ultraviolet detectors * Chn ' qUeS ' nC,Udin 9 ,R ' 1H NMR spectroscopy, 
Example 1 

hexane, filtered and dried. Mo.ecu.ar charaoler^^^^ ~ Wash6d With Me °H, ^solved in 
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15 



20 



Monomer: 

Coinitiator: tBuOMe 
Initiator: BC1 3 
Solvent: 
Time: 

Temperature: 



TABLE 1 



Isobutylene [MJ^ - 1.4 mole/^C 

-2 



[I] - 5.4 x 10~ Z mole# 



IBC1J - 1.36 xio" 2 mole/^ 
CH^Cl or CH 2 C1 2 (initial charge: 20ml) 



30 minutes 
minus 30°C 



Killing with MeOH (^5 ml, precooled) 

RUN 



la 



lb 



1c 



25 



30 



35 



Solvent 
[BCl 3 ] o 
Conv. X 
M 

n 
M 



M /M n 
w n 



CH 3 C1 
13.6x10 
18.5 
4300 

Blmodal 



-3' 



CHjCl 
13.6x10 
40 



-3 



CH 2 C1 2 
13.6x10 
100 



-2 



40 



45 



Example 2 

A series of experiments were made using 2,4,4-trimethyl-2-methoxy pentane (TMPOMe) initiator. The reactor was 
charged with solvent, initiator and monomer at minus 30°C and then BCI 3 , was added to effect polymerization. Other- 
wise the polymerization conditions and characterization methods were the same as those outlined in Example 1 . Table 
2 shows the reagent concentrations used and results obtained. According to these data TMPOMe is an efficient initiator. 
Based on a variety of analytical techniques (i.e., NMR spectra), the polymers contain the TMP head group and the 
tert.-chloro end group as shown by the following formula: 



50 



I 3 

C(OT 3 ) 3 -OT 2 -C(CT 3 ) 2 ~~ ^polyisbutylene-^Cflj-C — Cl 

CH„ 



55 



Instead of isobutylene, other olefin monomers may be used to produce the corresponding end group terminated 
polyolefins, for instance, polyamylene or polyheptylene or the other well known olefin monomers. 
In the tables, MeOH is methanol. 



7 
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15 



20 



Monomer: 
Initiators TMPOMe 
Coinitiator: BCl^ 
Solvent: 
Time: 

Temperature: 



TABLE 2 

Isobutylene tMj Q -1.7 mo i e // 



CH 2 C1 2 



[Il 0 - as indicated 
[BCl 3 J o - 3.7 x 1CT 1 mole// 
(initial charge: 20 ml) 
30 minutes 
minus 30* C 



Killing with MeOH (~ 5 ml, precooled) \ 

RUN 



2a 



2b 



2c 



25 



30 



35 



40 



45 



50 



Conv. Z 

M 
n 

M 



M /M 
w n 



7.6xl0~ 2 


2.3xl0~ 2 


7.4x10 


100 


100 


100 


3,900 


7,700 


16,900 


6,600 


15,400 


37,200 


1.7 


2.0 


2.2 



-3 



Example a 

The experimental conditions of Exam D | es i arvH o 
2-methoxy p ropa ne (cumy, methy, eth^CMe^ iZllt ? ,hiS 9XamP ' e SXCept the was 2-pheny,- 

The data are shown in Table 3. Spectrograph ic analvX 5 th T * W3S Varied from minu * 30»C to minus 10-C 
head group and tert.-ch.oro end group withCe ToZl^ZCe^ *" ^ ^pUJ 



«3 



C -polyi a obutylene~ - 

CH 3 



f»3 

~" CH — C-Cl 
2 I 
CH^ 
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TABLE 3 



Monomer: Isobutylene [Mj^ - 1.17 mole/J 



Initiator: 


CuOMe 


[I] -as Indicated 
0 


Coinitiator: 


BC1 3 


[BCl,] - 3.7x10 

J O 


" l mole/ J 


Solvents: 


CH 3 C1 and CH 2 C1 2 (initial charge: 20 ml) 


Time: 


30 minutes 


unless otherwise 


indicated 


Killing with MeOH (^5 ml 


, precooled) 
RUN 


X. 




3a 


3b 


3c 


Solvent 


CH 2 C1 2 


CH-C1- 


CH.C1, 


^o 


7.7xlO" 2 


2.3xl0~ 2 


7.4xl0~ 3 


Temp. °C 


-30 


-30 


-30 


Conv. % 


100 


100 


100* 


M 
n 


1500 


4650 


13700 


M 
w 


5000 


14000 


30000 


M /M 
w n 


3.3 


3.0 
RUN 


2.2 




3d 


3e 




Solvent 


CHjCl 


CHjCl 


CHjCl 




7.7xlO" 2 


2.3xl0~ 2 


7.4xlO~ 3 


Temp. °C 


-30 


-30 


-30 


Conv. X 


100 


100 


100* 


M 
n 


960 


3600 


14700 


M 

V 


2900 


8600 


29000 


M /M 3.0 2.3 
w n 

* conversions were-wlOOZ after 1 minute 


1.9 



9 



EP 0 265 053 B1 



5 




TABLE 3 (continued) 
RUN 




3g 


3h 


10 


Solvent 




^ Mm 






2,3xlO~ 2 


7.4xlO~ 3 


15 




-10 


-10 




G0»* Z 


100 


v 100* 




M 
n 


5000 


X 
12000 


20 


M 
w 


15000 


36000 




M /M 
w n 


3.0 


3.0 


25 










♦conversions 


were^lOOZ after 1 minute 





30 



35 



Example 4 

Exp^nt^ essen,ia„ y the same to those Used in 

and results are summarized in Table 4. T^oZlZ^l^Z ST ^ ^ «*>™°»™"™) 
polymerization) versus 1/[ML (reciprocal monomTrnn, t P P " (rec 'P rocal num ^r average degrees of 

that this so called "Mayo plot" show ^StSSSS^T* *" * ,he ^ «** 

of living polymerizations P ,SS the absence of cnain ,ransf ^ to monomer, i.e., the presence 



40 



45 



50 



55 



10 



EP 0 265 053 B1 



TABLE 4 



Monomer : 

Initiator: CuOMe 
Coinitiator: BC1 3 
Solvent : 
Time: 



Isobutylene tMj Q - as stated* mole//? 

[IJ o - 5.76 x 10" 3 mole// 
tBCl 3 J - 1.55 x 10" 1 mole// 
(Initial charge: 20 ml) 



CH 2 C1 2 



30 minutes 
Temperature: minus 10° C 
Killing with MeOH 5ml. precooled) 

RUM 





4a 


4b 


4c 


Ad 


4e 


Mo 


0.282 


0.564 


0.864 


1.228 


1.58 


Conv. Z 


100 


100 


100 


100 


100 


M 
n 


3080 


7100 


11900 


13300 


14900 


V 


7600 


i 17900 


24850 


28400 


32900 


X eff* 


94 


79 


70 


84' 


93 


M M 


2.4 


2.5 


2.0 


2.1 


2.2 



w n 



Example 5 

In this experimental series a difunctional initiator 1 ,4-bis(2-methoxy propane)benzene (also called dicumyl meth- 
oxy, DiCuOMe) has been used at minus 30° and minus 10°C under the general conditions used in Examples 1-4. Due 
to the difunctional nature of this initiator a difunctional telechelic polymer with the following structure has been obtained: 



CH t 



Cl-C-CH, polyiaobutylan^-C-^ 



ch, cn, 
-C polyi»obutylen«-CH e -C-cl 

In. X ch, 



The number of isobutylene units incorporated into the polymer is determined by the [My[l] 0 ratio. Table 5 shows the 
experimental conditions and summarizes the results. 

By using different olefin monomers, difunctional telechelic polymers may be made, for example, a block polymer 
of isoprene-isobutylene or butadiene-octylene by controlling feed of the monomers. 



11 
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Monomer: 
Initiator: 
Co initiator: 
Time: 

Temperature: 
Solvents: 
Killing with 



i ABLE 5 

Isobutylene [M] o - 1.173 mole// 
DiCuOKe [i] o J a8 lndlcated wUf X 

BC1 3 * BC V " 3.7 x 10- 1 mole/^ 

30 minutes or otherwise stated 
as indicated 

CH 3 C1 and CH^ (initial charge: 20 ml) 
MeOH (/v5 ml, precooled) 
RUN 





5a 


5b 


5c 


5d 


[I >o 


2.36xl0~ 2 


7.47xl0~ 3 


2.36xl0~ 2 


7.47xlO~ 2 


Solvent 


CH 2 C1 2 


CH 2 C1 2 


CH 3 C1 


CH 3 C1 
-30 


Temp. *C 


-30 


-30 


-30 


Conv. Z 


100 


100* 


100 


100* 


M 
n 


3600 


9400 


3050 


10100 


M 
w 


9300 


20550 


8300 


19000 


M /M 
w n 


2.6 


2.1 


2.7 


1.8 




84 


96 


98 


90 





5e 


5£ 




2.36xl0~ 2 


7.47x10 


Solvent 
Temp. *c 


CH 2 C1 2 
-10 


CH 2 C1 
-10 


Conv.X 


100 


100 


M 

n 


3400 


8300 


M 

w _ 

M /M„ 
w n 


10200 
3.0 


18500 
2.2 


I * 
eff 


88 


108 


*Conver8ion8 


were^lOOZ after 1 


minute 



f 
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10 



15 



20 



25 



Example 6 



This series of experiments was similar to those summarized in Example 4. The purpose of this series was to 
demonstrate the absence of chain transfer to the monomer. The results are shown in Table 6. When the 1/ DP n was 
5 plotted against 1/[M] 0 , a straight line was obtained starting from the origin. The absence of the intercept indicates 
absence of chain transfer to monomer, i.e., living polymerizations. 



TABLE 6 



[I] - 5.92 x 10 
o 



[BC1 3 ] - 3.1 x 10 



Monomer: Isobutylene 
Initiator: DiCuOMe 
Coinitiator: BC1 3 

Solvent: CH 2 C1 2 
Temperature: minus 10° C 
Time: 30 minutes 

Rilling with MeOH (~5 ml, preceded) 

RUN 



[M] - as stated mole/j? 
o 

-3 



-1 



wole// 
mole/jf 
(initial charge: 20 ml) 







6a 


6b 


6c 


6d 


6e 




Mo 


0.282 


0.564 


0.846 


1.128 


1.58 


30 


Conv . Z 


100 


100 


100 


100 


100 




M 

n 


2600 


5400 


8250 


12000 


13400 


35 


M 

w 


5700 


10000 


16700 


22300 


22900 




M / M 
w n 


1.0 


1.8 


2.0 


1.8 


1.7 




W 


~100 


/~100 


-^100 


91 


93 



40 



Example 7 

In these experiments, we have employed a^-dimethoxy propane (DMP) as bifunctional initiator under the general 
45 experimental conditions used in Examples 1 -4. Table 7 shows the reagent concentrations and summarizes the results. 



so 



55 
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10 



15 



35 



Monomer: 
Initiator: 
Coinitiator: 
Solvent: 
Temperature: 
Time: 



TABLE 7 

Isobutylene [M] o - as indicated mole// 
DMP [iJ o - as indicated mole// 

fi Cl 3 [BC1 3 ] - a. indicated mole// 

CH 3 C1 or CH 2 C1 2 (initial charge: 20 ml) 



minus 30°C 
30 minutes 
Killing with MeOH(~3 ml, prec<: ed) 
'RUN 



X 



20 




7a 


7b 


7c 


7d 




Solvent 


CH 2 C1 2 


CH 2 C1 2 


CH 2 C1 2 


CH 3 C1 


25 




2.7xl0" 2 


5.4xl0~ 2 


8.2xl0" 2 


8.2xl0" 2 




IBC1 3 J 


13.6xlO~ 2 


27.2xl0~ 2 


40.4xl0 -2 


40.4xl0" 2 




lMj o 


1.4 


1.4 


2.08 


2.08 


30 


Conv. Z 


27 


37 


75 


25 




M 
n 


4000 


2300 


1500 


800 



Example 8 
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ci— c — cn,~~ 
I 2 



'—Cllj- J- CI 

at. 



50 



poly Uobatjlm*-' ^—wCJ! — 



r> 

c-ci 
I 

en, 



ditions and summarizes the results. L M WlUo rall °- Table 8 shows the experimental con- 
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10 



-15 



20 



25 



30 



Monomer : 
Initiator: 
Coinitiator: 
Time: 

Temperature : 
Solvent ; 
Killing with 
RUN 



TABLE 9 

Isobutylene [M] q - 1.17 mole// 

Various ethera til - 2.3xl0~ 2 mole^f 
o 

BC1 3 [BC1 3 ] - 3.7xlO~ l mole// 

30 minutes or otherwise as stated 
minus 10°C 

CH 2 C1 2 (initial charge: 20 ml) 



9a 



9b 



9c 



MeOH (^5 ml, pre cooled) 
ETHER 



OBSERVATION 



™ 3 



CH, 



I 



Copious amount of polymer 



MeO-C-CH,-CH,-C-OMe 
I 2 2 I 



CH- 



j 3 

Me0-C-CH«CH-C-0Me 
I I 
CH 3 CH^ 

CH_ CH, 
I 3 | 3 
MeO-C-C=C-C-OMe 



CH, 



I 

CH. 



Copious amount of polymer 



Copious amount of polymer 



35 



9d* 



CH, CH, CH, 
t 3 | 3 | 3 

MeO-C-CH_-C-CH--C-0He 
l 2 l 2 I 
CH 3 CH 3 CH 3 



Copious amount of polymer 



40 



45 



9e* 



CH, CH, 
I 3 | 3 

HC-O-CH 
I I 
CH 3 CH 3 



Copious amount of polymer 



50 



9f * 



CH. 



CH--C 
3 I 



CH- 



H 
I 

C- 
I 

CH- 



OMe 



Copious amount of polymer 



55 



* outside the scope of the claims 
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TABLE 9 (Continued) 
Ethet Observation 



Copious amount of Polymer 



H 
I 

CH--C-CH- 
3 , 3 

HC-OMe 
I 

CH 3 -CH-CH 3 



f 3 

hy-C-OMe Copious amount of Polymer 

^2 " CT 3 Copious amount of Polymer 



CH- 

! 

CH 2 -CH 3 



OMe 



0"°"^ Copious amount of Polymer 

0 Copious amount of Polymer 



-Q 
? 

,o — 4 \ 

6 



Copious amount of Polymer 

Copious amount of Polymer 
Copious amount of Polymer 



CH 3 0 C 0CH 3 



e scope of the claims 
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Run 



TABLE 9 (Continued) 
Ethet 



Observation 



9o 



™ 3 

CH 3 -CH 2 -C-OMs 



CH.-C-CH, 
3 I 3 
H 



Copious Amount of Polymer 



f*3 fV 

MeO-C C-OMe 

I 

*3 CH 3 



Copious Amount of Polymer 



9q 



CH, 
I 3 

OCH-CH,-OMe 

I 2 
CH, 



Copious Amount of Polymer 



Copious Amount of Polymer 



9r 



9s* 



H 
I 

CH 2 -CH-CH 2 -C-OMe 
H 

CH _ -CH-CH-C-OMe Copious Amount of Polymer 

3 I 

CH 3 
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TABLE 9 (Continued) 



*H5 Ether 



Observation 



H ^ " °Me Copious amount of Polymer 



H p 0M * Copious amount of Polymer 



I 

CH^— C— OMe Copious amount of Polymer 



9y > MeO - £ - CHj-CH 2 — C - OMe Copioua amount 

Js. JL of Polymer 



CH 3 



9z* HC-^-^y^-c-0Me) 3 Copious amount of Polymer 

CH 3 



outside the scope of the cl 



aims 



Example 1 0 

so 



30 minutes of reaction time. V ' BC ' 3 ,S added at minus 10 o C and the yield is noted after 

55 
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TABLE 10 

Monomer: Styrene [M1 Q - 1.17 mole// 

—2 

Initiator: Various ethers U] Q - x 10" mole^ 
Coinitiator: BCl 3 [BClj] - 3.7 x 10" 1 mole// 

Time: 30 minutes or otherwise stated 

Temperature: minus 10° C 

Solvent: CH 2 C1 2 (initial charge: 20 ml) 

Rilling with MeOH (~5 ml, precooled) 

RUN ETHER OBSERVATION 

10a CIU CH* Copious amount of Polymer 

i 3 l 3 

MeO — C— CH-CH-C-OMe 

I I 

CH„ CH, 



10b 



lOd 



'3 



I 

MeO (f OMe 

CH, CH, CH,. Copious amount of Polymer 
I 3 I 3 I 
10c * Me0-C-CH 9 -C-CH--C-0Me 

| z | * | Copious amount of Polymer 
CH 3 CH 3 CHj 



^3 Copious amount of Polymer 



— C-OMe 
I 

CH, CT 3CH 



3y^x |"3 

I 



10e MeO-i-<()) -C-OMe 

I I Copious amount of Polymer 

CH, CH, 



l 3 —3 

10f (CH,) -C-CH.-C^H.) ,0Me 

3 3 z J x Copious amount of Polymer 

outside the scope of the claims 
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Example 11 



thvl fir , eXpe / im8ntS Were run in a series of test tub <* which were charged with 20 ml C^CU 2 4 4-trime- 
ZLT^Z^T^nZ \ Ca " Bd ™ P ° Me (5 ' 76 X 1 °- 3 m ° M) and 0 5 ml ,B - in that order^ndlhe^equn- 
^tSSS£/2 5 5 P : Si ZT T S,arted ^ in,r ° dUCing 0 25 m ' BC, 3 C^ efi8d ) into * e test tuL. 

rlain^a tuS s tk fnr^ h ' n 6 SeC ° nd ,Ub8 WaS ki " ed Whereas an additional 0-5 "il 'B was added to the 

straight line passing through L ^^ 1 ^ C '. , Ei;ii!r ^ *' ^ ° f P ' B ^ ^ 3 
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An essentially identical series of experiments described in Example 11 was carried out except in this series of runs 
the TMPOMe was premixed with BCl 3 , and the system was aged for 30 minutes at minus 30°C before the first IB 
amount was added. Aging was effected because it was thought that initiation occurs by an ionic species formed from 
the ether plus BCI 3 and that ionization may need some time: 
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55 



An identical series of experiments described in Example 11 has been carried out with the 2-phenyl-2-methoxy 
propane (CuOMe) initiator with BCI 3 cointiator in CH 3 CI at minus 30°C. The data are shown in Table 1 3. The M n versus 
g polymer formed plotgave a straight line passing through the origin indicating a living system. The molecular weights 
were theoretical, i.e., M n = [M],/^ indicating a living system. 
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Example 15 



In this series of experiments we have used the bifunctional initiator 1 ,4-bis(2-methoxy propane)benzene (DiC- 
uOMe) in CH 3 CI solvent to demonstrate living polymerization with a bifunctional ether and to produce an a, to-dif unc- 
tional tert.-chloro telechelic polyisobutylene. The general experimental conditions were identical to those in Experi- 
ments 11, 13 and 14. Table 15 shows the data. Close to theoretical molecular weights were obtained. A plot of M n 
vergus g polymer formed gave a straight line starting at the origin. Evidently the system was a living one. 
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= [MU'lo- The plot of |5 \ veMsT^™l™»« ? WeiQhtS W6re theoretica| . determined by M n 

system Table 16 shows the data " 9aVe 3 Stra ' 9ht llne Star,ing ,rom the indic *ing a living 
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Example 17 



55 



This series of experiments demonstrates that living polymerizations can be obtained at minus 10°C if the BCI 3 
coinitiator is added to a series of charges containing the CuOMe initiator and an increasing amount of IB. Table 17 
shows the data. A plot of M n vergus g polymer formed gave a straight line starting at the origin. The molecular weights 
were determined by M n = [My(l) 0 . According to these data living polymerizations can readily be obtained at minus 1 0°C. 
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Example 19 



55 



This series of experiments was carried out with the trif unctional ether TCuOMe initiator at minus 30°C. The purpose 
of this experiment was to demonstrate that living polymerization can be obtained by a trifunctional initiating system. 
The general experimental conditions were the same as those described in Experiment 17. Table 19 shows the data. 
A plot of M n versus g polyisobutylene formed gave a straight line starting at the origin. The molecular weights were 
close to theoretical and determined by M n = [My[l] 0 . These data indicate a living polymerization system. 
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Cl 

C C JBC1* C Clrfe-Cl C t- Ct 

I I I jC 7 t I 

R-C-C-OMe ♦ BC1» + R-C-O-Or + R-C-C«. .f># — ► R-C-C-Ol ♦ O 



where R = H or C(CH 3 ) 3 -. Similar results are obtained when methanol is added at minus 10°C. Thus under the polym- 
erization conditions the tert.-chloro end group is obtained. It is immediately apparent that by the use of bifunctional 

io ether/BCI 3 complex initiators, i.e., CH3-0-C(CH 3 ) 2 -0-CH 3> valuable diterminal telechelic polymers can be prepared. 

A special embodiment of this invention relates to the random copolymerization of an alphaolefin such as those 
exemplified by isobutylene, propylene, pentene or hexene, with a diolefin, preferably a conjugated one such as those 
exemplified by isoprene, butadiene and piperylene. Thus, copolymers containing either a major or minor amount of 
diolefin can be produced. Isobutylene plus an isoprene copolymer containing up to 5 percent isoprene in the chain are 

is articles of commerce. The random polymers produced by this invention have commercial utility as butyl rubbers and 
especially those having a molecular weight of a hundred thousand and 1 to 4 percent unsaturation. These rubbers are 
sulfur-vulcanizable, heat stable, chemically resistant general purpose rubbers which may be used in inner tubes and 
inner liners of tires, tubes, curing bladders, mountings, vibration dampers, etc., and are convertible to the halogenated 
form of butyl rubber for other usages. Heretofore, butyl rubber was made commercially by a heterogeneous low tem- 

20 perature (minus 100°C) cationic suspension polymerization by the use of AICl 3 catalyst in methyl chloride diluent. In 
order to obtain commercially useful molecular weights, the polymerization has to be carried out at cryogenic temper- 
atures, viz., below minus 100°C. Therefore, a lot of work has been directed towards the raising of this very low tem- 
perature requirement. Also, controlling molecular weight with the AICI 3 system is difficult, it requires changes in reactor 
temperature. Another problem with conventional polymerizations is reactor fauling. Fauling is the process during which 

25 polymer particles crosslink and agglomerate during the run and precipitate on the inner surfaces of the reactor. This 
adhering layer of crosslinked or gelled polymer decreases cooling efficiency so that molecular weight control becomes 
impossible. Thus, the reactor has to be shut off and the fauled polymer layer removed by a separate cumbersome and 
costly process. Great efforts have been extended to overcome fauling. 

In Example 21 , copolymerization of isobutylene with isoprene was demonstrated to occur readily with our complex 

30 catalyst. 

Example 21 

A series of copolymerization experiments have been carried out under the following conditions: A series of three 
35 test tubes have been charged at minus 30°C with 22.5 ml CH 3 CI, 2.0 ml isobutylene (0.94 mole/I) and 0.1 g cumyl 
methyl ether (0.66 x 10' 3 mole) in that order. Then in a series of three test tubes, isoprene was introduced, i.e., 0.05 
ml (or 2. 1 3 mole percent on isobutylene); 0. 1 ml (or 4.26 mole percent on isobutylene); and 0.2 ml (or 8.52 mole percent 
on isobutylene) isoprene. Finally, the copolymerizations were initiated by the introduction of 0.5 ml BCI 3 (2.8 1 0' 1 mole/ 
I). The polymerizations proceeded with occasional mixings at minus 30°C for 30 minutes. Then the reactions were 
^o killed by adding 3 ml of prechilled methanol Copious amounts of polymers have been obtained in all these experiments. 

While in accordance with the patent statutes only the best mode and preferred embodiment of the invention has 
been illustrated and described in detail, it is to be understood that the invention is not limited thereto or thereby, but 
that the scope of the invention is defined by the appended claims. 



Claims 

1. A method of producing a living polymer complex exhibiting supernonnucleophilic counter anions comprising the 
steps of: 

(a) reacting a Lewis acid selected selected from the group consisting of BCI 3 , AICI 3 , TiCI 4 , SbF 5 , FeCI 3> ZnCI 2 , 
and VCI 4 with an organic ether selected from the group consisting of 
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\ / 
O 



and 



R 2 




R 2 



where 
R1 



^^^"n^rSI-'S r and 6 ' aralky ' 9r ° UPS C ° n,ainin9 fr ° m 1 1 ° 24 

=t„ m « « T -CH-CH 2 and related lower alkenyl groups containina 2 to 8 earhnn 

R* to memvTandTZ 8 H 0 ?!™ 09 heter ° at ° mS C ° ntainin9 u * to 20 ca * on 
' £ fTSSZf?? ? 9r ° UPS C ° ntaining ,r ° m 1 10 20 Carb ° n at ° ms - and * «" be the same 

MToE ^x^r-ssr mu,tip,e R2 — each r2 ~* ™™ 

lZ^X b T^r,l ,0 20 — """» «* «" - • viny, or al.y, 

-^ethylenic, ethylenic, acetylenic, or arylenic and where «he repeating units contain from 1 to 20 carbon 
R 5 is an alkylene selected from the group consisting of 



R3 
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— C 




and {CH 2 > X Where x is an integer from 1 -6, and wherein the alkylene may be substituted; 
R 6 is selected from the same group as R 5 ; and 
R 7 is a three valent organic moiety such as 



H 




or 



- C - 



at a temperature below the decomposition temperature of the complex of the Lewis Acid and the organic 
ether to yield a carbocationic center; and 

(b) reacting said carbocationic center with an olefin monomer to yield said Irving polymer complex wherein 
said supernonnucleophilic counter anions do not cause deprotonation of the growing carbocationic center and 
chain transfer to the monomer does not occur. 

The method of claim 1 , wherein the reaction of the Lewis acid and organic ether occurs in a chlorinated hydrocarbon. 

The method of claim 1 , wherein the temperature is -10°C or lower. 

The method of claim 1 , wherein the organic ether oxygen atom is adjacent to a tertiary carbon atom. 

A living polymer complex exhibiting supernonnucleophilic counter anions, prepared by the method of any one of 
claims 1 to 4. 

The complex of claim 5, wherein the olefinic monomer is an alphanDlefin and contains from 3 to 8 carbons atoms. 

The complex of claim 5 or 6, wherein the complex comprises two organic ether oxygen atoms, each of which is 
adjacent to a tertiary carbon atom. 

Compositions of matter having the structure selected from the class having the formulae of: 



(a) 
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(b) 



R 2 R 2 



X-E-polyolefin4-i :; R 4 --C-_g_ polyo lef in^-X 



R 2 R 2 



(c) 



CH 2 =CH-CH2-fpolyolefin5-X 



(d) 



/R l 
R 3 -U 



-f-polyolef in j— X 
R 1 



wherein the X end group is halogen or OFP, and where 
R 1 is hydrogen or methyl or an organic moiety; 

R2 is methyl and related alkyl groups containing from 1 to 20 carbon atoms and where R* can be the same 

a^vTe^^^^ ,r ° m 2 t0 20 Carb ° n ° r «* viny- or a„ y , groups 

S !! ™ thy ' en f or ^methylene, ethylenic, acetylenic, phenyl or related homologous groups- 
R° is a trivalent organic moiety; and wherein the tail group an, 

R 2 
I 

R 3 -C- 
I 

R 2 

with relation to formula (a) is different to the monomeric repeating unit present in the polymer. 

9 " Jll C TZ° Siti Z°l C ' aim 8 ' WhSrein the °' efin monomer s are chosen from the class consisting of styrene isobutv- 
lene, alpha-methylstyrene and mixtures thereof to yield a block polymer segment. V 

Patentanspruche 

E-Ei^ir^' aus bo1 * a,ci » ™<- sbF * Feci - »* - - — 
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und 





R 3 — R 6 

V 



R R / 

R l — O — C — R 7 ^ 

J, 





wobei 



eine organische Einheit, wie eine Methylgruppe und verwandte Alkyl- oder Aralkylreste mrt 1 bis 24 
Kohlenstoffatomen, Alkenylreste, wie -CH=CH 2 und verwandte Niederalkenylreste mit 2 bis 8 Kohlen- 
stoffatomen, sowie Reste, die Heteroatome und bis zu 20 Kohlenstoffatome enthalten, darstellt, 
eine Methylgruppe und verwandte Alkylreste mit 1 bis 20 Kohlenstoffatomen ist, und wobei R 2 der glei- 
che Rest wie R 1 sein kann, mit der MaBgabe, da3 in den Fallen, in denen ein einzelnes Molekui mehrere 
R 2 -Reste umfaGt, jeder R 2 -Rest von einem beliebigen anderen, im Molekui enthaltenen R 2 -Rest ver- 
schieden sein kann, 

eine Methylgruppe oder verwandte Alkylreste mit 2 bis 20 Kohlenstoffatomen oder einen Aryl- oder 

Cycloalkyl- oder Vinyl- oder Allylrest bedeutet, wobei R 3 und R 2 gleich sein konnen, 

eine Methylen-, Ethylen-, Acetylengruppe Oder ein Arylenrest ist, und wobei die Grundeinheiten 1 bis 

20 Kohlenstoffatome enthalten, 

einen Alkenylrest darstellt, ausgewahlt aus 



CH 3 

— C— 
I 

CH 3 



und 
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{CH 2 ) X - 

s W eh e kann° r ^ "* ^ ™ 1 6 Steht ' Und wobei *r Alkylenrest substituiert 

R 6 aus der gleichen Gruppe wie R5 ausgewahlt wird 
und 

R 7 eine dreiwertige organische Einheit bedeutet, wie 




H 

I 



oder 



und 

^SS^SS iST die Umse,zun9 der Lewis " s " ure und des or9anischen Ethers in einem chi °- 

Verfahren nach Anspruch 1. wobei die Temperatur -10°C oder weniger betragt. 

ITnZ T ' ' *" Sauerstoffato - *■ °^nischen Ethers an ein tertiares Kohlenstoffatom 

Komp.ex nach Anspruch 5, wobei das olefinische Monomer ein a-O.efin ist und 3 bis 8 Koh.enstoffatome enthalt. 

ssrs:;:r ex zwei or9anische Ete — — . * iewe« s 

Zusammensetzung mil der Struktur, ausgewahlt aus der Klasse der Formeln 
(a) 



R — C— [ Polyolefin ]— X 
K 2 



(b) 
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R 2 R 2 

X— [ Polyolefin ] — C — R 4 — C — [ Polyolefin ] — X 



A' A« 



(c) 

to 



75 



20 



25 



CH 2 =CH-CH 2 -[Polyolefin]-X 

(d) 



R 2 

R — < C— [ Polyolefin }— X >, 
R 



wobei die Endgruppe X ein Halogenatom oder OR 1 bedeutet, 
und wobei 



R 1 ein Wasserstoffatom, eine Methylgruppe oder eine organische Einheit darstellt, 

R 2 eine Methylgruppe und verwandte Alkylreste mit 1 bis 20 Kohlenstoffatomen ist, und wobei R 2 und R 1 gleich 
sein konnen, mit der MaBgabe, daG in den Fallen, in denen ein einzelnes Molekul mehrere R^Reste umfaBt, 
jeder R^Rest von einem beliebigen anderen, im Molekul enthaltenen R 2 -Rest verschieden sein kann, 
30 R 3 eine Methylgruppe oder verwandte Alkylreste mit 2 bis 20 Kohlenstoffatomen oder Aryl-, Cycloalkyh Vinyl- 

oder Allylreste bedeutet, wobei R 3 und R 2 gleich sein konnen, 
R 4 eine Methylen- oder Polymethylen-, Ethylen-, Acetylen-, Phenylgruppe Oder verwandte homologe Reste 
darstellt, 

R 8 eine dreiwertige organische Einheit bedeutet, 



35 



und wobei 
das Kettenende 



40 R 2 

R 3 -C— 

A' 

45 im Hinblick aut Formel (a) von der im Polymer vorhandenen monomeren Grundeinheit verschieden ist. 

9. Zusammensetzung nach Anspruch 8, wobei die Olefinmonomeren aus der Klasse, bestehend aus Styrol, Isobu- 
tylen, a-Methylstyrol und deren Gemischen, ausgewahlt sind, wodurch ein Blockpolymersegment erhalten wird. 
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Revendications 

1. Precede de production d'un complexe polymere vivant presentant des contre-anions supernonnucleophiles com- 
prenant les etapes de: 

(a) la mise en reaction d'un acide de Lewis choisi parmi le groupe constitue de BCI 3j AICI 3> TiCI 4 , SbF 5 , FeCI 3 , 
ZnCI 2 et VCI 4 avec un ether organique choisi parmi le groupe constitue de 
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R 2 
R^-C — O- 



10 



15 



20 



et 

25 



30 



35 

OU 
R 1 

40 
45 

R3 
R4 

50 R 5 



R 2 R 2 

R 4 — O— C— R*— I O— R : 

R 2 R 2 



R*-R 6 

\ / 
O 




est un motif organique tel que le groupe mSthyle et des groupes alkyle et araikyle apparentes contenant 
de 1 a 24 atomes de carbone, des groupes alcenyle tels que -CH=CH 2 et des groupes alcenyle appa- 
rentes mfeneurs contenant 2 a 8 atomes de carbone, et des groupes contenant des hSteroatomes con- 
tenant jusqu'a 20 atomes de carbone; 

est le groupe methyle et des groupes alkyle apparentes contenant de 1 a 20 atomes de carbone et ou 
R peut etre identique a Ri, sous reserve que lorsqu'une seule molecule comprend des groupes R2 
multiples, chaque groupe R2 puisse §tre different de tout autre groupe R* present dans la molecule- 
est le groupe methyle, ou des alkyles apparentes contenant de 2 a 20 atomes de carbone ou des groupes 
aryle ou cycloalkyle ou vinyle ou allyle et ou R3 peut etre identique a R2; 

est un groupe methylenique, ethylenique, acetylenique ou arylenique et ou les motifs recurrents con- 

tiennent de 1 a 20 atomes de carbone; 

est un alkylene choisi parmi le groupe constitue de 



CH 

ss i J 



l 2 x 

CH 3 
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ou x est un entier de 1 k 6, et ou Talkylene peut etre substitue; 
R 6 est choisi parmi le meme groupe que R 5 ; et 
R 7 est un motif organique trivalent tel que 



H 




ou 



C 



k une temperature inferieure k ta temperature de decomposition du complexe de I'acide de Lewis et de 
Tether organique pour donner un centre carbocationique; et 

(b) la mise en reaction dudit centre carbocationique avec un monomere olefinique pour donner ledit complexe 
polymere vivant ou lesdits contre-anions supemonnuc!6ophiles n'entraTnent pas de d6protonation du centre 
carbocationique croissant et ou il ne se produit pas de transfert de chaine au monomere. 

Proced6 selon la revendication 1, dans lequel la reaction de I'acide de Lewis et de Tether organique se produit 
dans un hydrocarbure chlore\ 

ProcedS selon la revendication 1, dans lequel la temperature est de -10°C ou inferieure. 

Precede selon la revendication 1 , dans lequel Tatome d'oxygene de Tether organique est adjacent k un atome de 
carbon e tertiaire. 

Complexe polymere vivant presentant des contre-anions supernonnucleophiles, prepare par le procecle selon Tune 
quelconque des revendications 1 & 4. 

Complexe selon la revendication 5, dans lequel le monomere olefinique est une alpha-oiefine et contient de 3 k 
8 atomes de carbone. 

Complexe selon la revendication 5 ou 6, dans lequel le complexe comprend deux atomes d'oxygene d'ether or- 
ganique, dont chacun est adjacent k un atome de carbone tertaire. 

Compositions de matiere dont la structure est choisie parmi la classe de formules: 



(a) 



R 




C — f-polyotefine-}- 
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(b) 



R 2 R 2 



X-r-polyol6fine4-i-R 4 — C C-_polyotefine3-X 



1 2 
R* 



(c) 



CH 2 -Cy -CH^-fpolyol«flne^-x 



(d) 



R*-r-<: -r-polyol6finei-x 

U 1 J 

dans lesquelles le groupe terminal X est un halogene ou OR1, et o£i 
Ri est I'hydrogene ou le groupe methyle ou un motif organique- 

R8 est un motif organique trivalent; et dans lesquelles le groupe de fin 

R l 

l 

R'-C- 

I 

par rapport a la formule (a) est different du motif recurrent monomere present dans le polymere. 

STZTJ:z^?*e ZT::*;z monMes oi * iniques som choisis ^ * *~ ~» 

de polymere bloc. -pna-metny.styrene et des melanges de ceux-ci pour donner un segment 
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